Surfactant-Enhanced In Situ Alkaline Hydrolysis of Organophosphorous Pesticide DNAPL by Muff, Jens et al.
Surfactant-Enhanced In Situ Alkaline Hydrolysis of 
Organophosphorous Pesticide DNAPL

Jens Muff (jm@bio.aau.dk) and Erik G. Søgaard (Aalborg University, Denmark)
Lars R. Bennedsen (Rambøll, Denmark)
Kirsten Rügge, Torben H. Jørgensen and Lars Nissen (COWI, Denmark)
Leah MacKinnon, Erik Petrovskis and Neal D. Durant (Geosyntec Consultants, Maryland, USA)
Kurt Pennell (Tufts University, Massachusetts, USA)
Freddy S. Petersen (Kogsgaard Miljø, Denmark)
Morten Bondgaard (Region Midtjylland, Denmark)

Background/Objectives. A 20,000 m2 former chemical dump site in the North-Western part of Denmark is contaminated with 200-300 tons of organophosphorous pesticides and pesticide manufacturing wastes, a significant fraction of which consists of the highly toxic parathion.  The majority of contaminant mass is present as a sorbed phase and a residual dense nonaqueous phase liquid (DNAPL). Pilot tests are planned to evaluate the performance of a two-step remedial program that consists of in situ alkaline hydrolysis of the pesticides followed by biodegradation of the hydrolysis products. Increasing pH in the subsurface to above 12 by addition of dilute caustic soda induces hydrolysis of parathion and similar parent compounds, resulting in products such as p-nitrophenol and O,O-dimethyl-thiophosphoric acid, which are significantly less toxic and more water soluble than the parent contaminants.  A primary challenge to achieving effective treatment is that of in situ mixing, and bringing the injected caustic solution into contact with the sorbed phase and DNAPL contamination. Toward this end, surfactants are being tested as a novel method for enhancing treatment by in situ alkaline hydrolysis. The purpose of the surfactants is two-fold: increased solubilization of the pesticides in the alkaline aqueous phase for increased hydrolysis and increased mobility of the DNAPL by lowering the interfacial tension. A series of bench tests are currently in progress to evaluate the feasibility of surfactant-enhanced in situ alkaline hydrolysis and the results will be use to design a planned pilot test. The project is a part of the European Commission funded demonstration project NorthPestClean (www.NorthPestClean.dk (​http:​/​​/​www.NorthPestClean.dk​)) initiated September 2010.

Approach. Initially, two different surfactants are being tested in batch and column reactors to evaluate the performance of these surfactants for enhancing the rate and extent of pesticide treatment by alkaline hydrolysis.  The surfactants are Tween® 80 and a mixed surfactant of Aerosol® MA-80 and DOWFAXTM 8390 in a 80:20 ratio. The primary role of Tween® 80 is DNAPL solubilization whereas the mixed surfactant was chosen with the primary aim of increasing DNAPL mobilization. Co-electrolytes (CaCl2 and NaCl) were added to the Aer/DOW formulation in varied concentrations since ionic strength of the surfactant influence interfacial tension of the phases. Fifteen duplicate batch equilibrium solubility/reactivity tests are being performed to evaluate the stability of the surfactants at the highly alkaline pH, the influence of surfactant concentrations below and above the critical micelle concentration, and the influence of co-electrolytes. Eighteen parent compounds and hydrolysis products are being analyzed as evaluation parameters. Interfacial tension measurements of various combinations of surfactant formulation are being performed to evaluate the mobility performance based on total trapping number calculations.  The most promising formulation of each of the two surfactants will be tested in duplicate column studies using pesticide-contaminated aquifer sediments from the site.

Results. The bench tests are currently ongoing and results data are still being collected. The project is scheduled to be completed by the end of 2011 and a full overview of the results obtained and lessons learned will be presented at the conference in May 2012.


